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@ Use of norHonic doud point modifiers to minimize nanopartlde aggregation during sterilization. 

© A composition comprising nanopartides having a surface modifier adsorbed on the surface thereof and a 
non-ionic cloud point modifier associated tfierewith, which doud point modifier is present in an amount suffident 
to increase the doud pdnt of tfie surface modifier and mettiods of making such nanopartides is descrit)ed. A 
prefenred surface modifier is a potoxamine such as Tetronk: 90& and preferred non-kmk: doud point modifiers 
indude polyethylene glycol, propylene glycol, elhanol. hydroxypropykrydodexlrin andAor glycerol. 
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RELD OF THE INVENTION 

Ihts invention relates to therapeutk: and cfiagnostic compositions with a modrfied doud point, and to a 
method for the preparation thereof. 

5 

BACKGROUND OF THE INVENTION 

Nanopartides, described in U.S. Patent No. 5,145,684, are particles consisting of a poorly soluble 
therapeutic or diagnostic agent onto which are adsorbed a non-crossllnked surface modifier, and which have 
10 an average particle size of less ttian about 400 n an ome t ers (nm). 

As a result of their small size, sterilization of ttierapeutic and diagnostic agents in nanoparticulate form 
statNlized by a surfiace mocfilier (surfeclant) is difficult Ftltration using a filter of 0.22 um mesh size is 
sufficient to remove most bacteria and viruses* but the nanopartides, due to their sizes, cannot be sterile 
filtered. Conventional autodaving (steam heat) at 121 *C will result in aggregation and/or sutistantial growth 
75 of partide size, rendering tfie resulting partides urujsable. 

The aggregation of nanopartides upon heating is directly related to the predpitation and/or phase 
separation of the surface modifier (surfactant) at temperatures above the doud point of the surfactant where 
the bound surfactant molecules are Ocely to di ssoci a t e from the nanopartides and predpitate and/or phase 
separate, leaving the nanoparticies u n protected. The unprotected nanoparticles can then aggregate into 
20 dusters of particles. Upon coofing, the surfactant recfissolves into ttie solution, which tfien coats \he 
aggregated partides and prevent ttiem from dissociating into smaller ortes as shown in Rgure 1. 

This invention is directed to novel compositions that allow autodaving of nanoparticles with reduced or 
no particle size growth. These compositions provide for a modification of the surfactant adsorit)ed onto 
nanoparticles such tttat the nanopartides do not agglomerate during autodaving. This invention is also 
25 directed to a metfiod of making such compositkxns. 

BRIEF SUMMARY OF THE INVENTION 

According to the present invention tfterefore there is provided a composition comprising nanoparticles 
30 having a surface modifier adsorbed on tfte surface tfiereof and a non-ionic cloud point modifier assodated 
therewith, which cloud point modifier is present in an amount sufficient to increase the doud point of the 
surface modifier. In a preferred embodiment tf)e doud pdnt of tfie surface modifier is increased at>ove the 
temperature for sterilizatton, such as autodaving. of tfie nanopartk:les to prevent aggbmeration. 

In a further aspect the invention provides a metfwxi of making nanopartrcles having a surface modifier 
35 adsort)ed on tfm surface and a nornonic doud potrYt modifier assodated therewith, said metfiod comprising 
contacting said nanopartides with the doud point modifier for a tinte and under conditions suffident to 
increase the doud point of the surface modifier. 

BRIEF DESCRIPTION OF THE RGURE 

40 

Fig. 1 is a graph showing the aggregation of nanoparticles comprising 20% of the ethyl ester of 
diatrazotc add and the surface modifier Tetronic 908 (T908) upon autodaving at 120*C. Samples of the 
autodaved nanoparticles were removed at various times after autodaving. and tfie average partide size (Z 
average) was determined for each time point 

45 

DETAItED DESCRIPTION OF THE INVENTION 

The nanopartides useful in the practice of ttits invention include a surface modifier. Surface modifiers 
useful herein physically adhere to the surface of ttie x-ray contrast agent tnit do not diemically react with 

50 the agent or the m selves, mdividuaOy adsorbed molecules of the surface modifier are essentially tree of 
intermolecular crossSnkages. Suitable surface modifiers can be selected from known organic and inorgank: 
phannaceutkati e)cdpients such as various polymers, tow-molecular weight oligomers, natural products and 
surfactants. Preferred surface mocfifiers indude nonkmk: and anionk: surfactants. 

Representative examples of surface modifiers include gelatin, casein, ledtftin (phosphatkfes), gum 

55 acada, diolesterol, tragacanth, stearic add, benzalkonium chkMide, cateium stearate, glyceryl monostearate, 
cetostearyl ateohd, cetomacrogol emulsifying wax, sort)itan esters, polyoxyethylene alkyi ethers, e.g. 
macrogd ettters such as cetomacrogd 1000, polyoxyethylene castor oil derivatives, polyoxyethylene 
sorbitan fatty add esters, e.g. the commercially available Tweens^, pdyethylene glycols, polyoxyethylene 
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stearates, colloidal stKcon dioxide, phosphates* sodium dodecylsuKate, cart>oxymethylcellulose calcium, 

carboxymethytcellulose sodium, methytcellulose. hydroxyethylceilutose, hydroxypropylcellulose, hydrox- 

ypropytmethylcellulose phthalale, noncrystalline cellulose, magnesium aluminum silicate, triethanolamine. 

polyvinyl alcohol, and poryvinytpynrofidone (PVP). Most of these surface modifiers are known pharmaceuti- 
5 cal exdpients and are descrit)ed in detail in the Handbook of Pharmaceuttoal Excipients. published jointly 

by the American Pharmaceutkal Associatkm and The Pharmaceutk^l Society of Great Britain, the 

Ptiarmaceutk:al Press, 1986. 

Partk:ularty preferred surface modifiers include PVP. tykxxapol, potoxamers such as Ruronic™ F%B and 

F108, which are bkx:k copolymers of ^hylene oxkfe and propylene oxide, and poloxamines such as 
10 Tetronic^ 908 (also known as Poloxamtne 908), whk:h is a tetrafunctional block copolymer derived from 

sequential addition of propylene oodde and etfiylene oxkSe to ethylenediamine, available from BASF. 

dextran, lecithin, dialkylesters of sodium suifosuccink: ackl, such as Aerosol OT''^. which is a dioctyl ester 

of sodium suHosucdrac ackl, avaSable from Amerk:an Cyanamkt, Duponol''^ P. which is a sodium lauryl 

sulfate, available from DuPont Triton^ X-200. whkit is an alkyl aryl potyether sulfonate, available from 
75 Rohm and Haas, Tween 80, whkii is a polyoxyethytene sort)itan fatty add ester, available from ICI 

Spedalty Chemicals, and Cartowax^ 3350 arKl 934, whk:h are polyethylene glycols available from Union 

Carbkto. Surface modifiers whkii ha^ been found to be partkxiiarly useful indude Tetronic 908, the 

Tweens^. Pturonk: F-68 and PVP. Other useful surface modifiers indude: 

decanoyHM-methylglucamkle; 
20 rMfecyl ^-D-glucopyranoskfe; 

n<lecyi ^-D-maltopyranoskle; 

n-dodecyl ^-D-glucopyranoside; 

n-dodecyl ^-D-maltoskle: 

heptafK)yl'f^methylglucamide 
25 n-tteptyl ^-D-glucopyranoskJe; 

n-heptyl ^-D-thioglucoside; 

n-hexyl /9-D-glucopyranostde; 

nonanoyHM-n^ethylglucamide; 

n-nonyl ^-D-glucopyranoskle; 
30 octanoyl-N-methylglucamide; 

n-octyl ^-D-glucopyranoskle; 

octyl /9-D-thk)glucopyrano6k)e; 

and the like. 

The surface modifiers are commercially availat>le and/or can be prepared' by technk]ues known in the 

35 art Two or more surface modifiers can be used in combinatk)n. 

The nanopartk:les useful in the practk» of this Invention can be prepared according to the methods 
disck}sed in U.S. Patent No. 5,145.684. Briefly, nanopartk:les are prepared by dispersing a poorly soluble 
therapeutic or diagnostic agent in a liquid disperskm medium and wet-grinding the agent in ttie presence of 
grinding media to reduce the partk:ie size of tfte contrast agent to an effective average partk:le size of less 

40 than about 400 nm. The partkies can be reduced in size in the presence of a surface modifier. 

A general procedure for preparing the partk^ies useful in the practice of this invention follows. The 
therapeutic or diagnostk: agent selected is obtairied commercially and/or prepared by techniques known in 
the art as descrik)ed above, in a conventnnal coarse form. It is preferred, txit not essential, that the partide 
size of tfie coarse therapeutk: or diagnostic substance selected be less tttan about 100 (im as determined 

45 by sieve analysis. If the coarse partkde size of that agent is greater than akxHit 100 um, then it is prefenred 
that the coarse partkies of the therapeutk: or diagnostk: agent be reduced in size to less than 1 00 uun using 
a conventk»^ milling method such as atyjet or fragmentation milling. 

The coarse ttierafieutk: or diagnostk: agent setected can then be added to a liquid medium in whk:h it is 
essentially insolut)le to form a premix. The concentratmn of the ttierapeutk: or diagnostk: agent in ttie Ik^ukl 

so medium can vary from about 0.1-60%. and prefSerably is from 5-30% (w/w). It is preferred, but not essential, 
that the surface modifier be present in the premix. The concentration of the surface modifier can vary from 
atXMJt 0.1 to 90%, and preferat>ly is 1-75%, more preferably 10-60% and most preferably 10-30% t>y weight 
t>ased on the total combined wetght of tfte drug substance and surface modifier. The apparent viscosity of 
tfie premix susperiskxi is preferably less than about 1000 centipoise. 

55 The premix can be used cfirectly by wet grinding to reduce tfie average partk:le size in the disperskm to 
less than 400 nm. It is preferred tfiat the prerrax be used directly when a ball mill is used, for attrition. 
Alternatively, the therapeutk: or diagnostk: agent and, optk)naIly, tfie surface rnodifier. can be dispersed in 
the ik)uid medium using suitable agitatkxi, e.g. a roller mill or a Cowtes type mixer, until a homo^neous 
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dispersion is observed in which there are no large aggtomerates visible to the naked eye. It is preferred that 
the premix be subjected to such a premising cKsperskm step when a recirculating nriedia mill is used for 
attrition. Wet grinding can take place In any suitable disperson mill, including, for example, a ball mill, an 
attritor mill, a vibratory mill, arid media mills such as a sand mill and a bead mill. A media mill is prefenred 
5 due to the relatively shorter milling time required to provide the intended result, i.e. the desired reduction in 
particle size. For media milling, the apparent viscosity of tfie premix preferably is from at>out 100 to atx>ut 
1000 centipoise. For k>all milling, the apparent viscosity of the premix preferably is from atx>ut 1 up to about 
100 centipoise. Such ranges tend to afford an optimal balance between efficient particle fragmentation and 
media erosion. 

10 The grinding media for ttie particle size reduction step can be selected from rigki media preferably 
spherical or particulate in form having an average size less tfian atxxrt 3 mm and, more preferably, less 
tfian alxNJt 1 mm. Such media desirably can provide the particles of the invention with shorter processing 
times and impart less wear to the milling equipmenL The selection of material for the grinding media is not 
t)elieved to be critical. However, preferred media have a density greater than atxHJt 3 g/cm^. Zirconium 

IS oxide, such as 95% ZrO statnrized with magnesia, zircormim silicate, and glass grinding media provide 
particles having levels of contamination wtw:h are believed to be acceptable for the preparation of 
tfterapeutic or diagnostic compositions. However, other media, such as stainless steel, titania, alumina, and 
95% ZrO stabilized with yttrium, are believed to be useful. 

The attrition time can vary widely aiKl depends primarily upon the particular wet grinding mill selected. 

20 For baW mills, processing times of up to five days or longer may be required. On the other hand, processing 
times of less than 1 day (residence times of about one minute up to several hours) have provided the 
desired results using a high shear mectia mili. 

The particles must be reduced in size at a temperature which does not significantty degrade the 
therapeutic or diagnostic agent. Processing temperatures of less than about 30-40 *C are ordinarily 

25 prefenred. If desired, the processing equipment can be cooled with conventional cooling equipment The 
method is convenientiy earned out under concfitions of amt>ient temperature and at processing pressures 
which are safe and effective for the milling process. For example, amtMent processing pressures are typical 
of ball mills, attritor mills and vibratory mills. Processing pressures up to about 140 kPa (approx. 20 psi) are 
typical of media milling. 

30 The surface modifier, if not present in the premix, must be added to the dispersion after attrition in an 
amount as descrit)ed for the premix. Thereafter, tfie dispersion can be mixed, e.g. by shaking vigorously. 
Optionally, the dispersion can be subjected to a sonkartion step, e.g. using an ultrasonic power supply. For 
example, the dispersion can be subjected to ultrasonic energy having a frequency of 20-80 kHz for a time 
of at)out 1 to 120 seconds. 

35 The relative amount of therapeutic or diagnostic agent and surface modifier can vary widely and the 
optimal amount of ttie surface modifier can depend, for example, upon the particular tfierapeutic or 
diagnostic agent and surface modifier selected, the critical micelle concentration of ttie surface modifier if it 
forms mk»iles, the hydrophilk: Kpophilk: batonce (HLB) of the stabilizer, tfie melting point of the statMlizer, 
its water solubility, ttie surface tenskm of water solutions of the stabilizer, etc. The surface modrfter 

40 preferably is present in an amount of about 0.1-10 mg/m^ surface area of the therapeutic or diagnostic 
agent. The surface modifier can be present in an amount of 0.1-90%, preferably 1-75%, more preferably 
10^%, and most preferably 10^0% by weight based on the total weight of the dry particle. 

Therapeutic and diagnostic agents useful in the composition of tfie present invention include those 
disclosed in U.S. Patent No. 5,145,684 and published European specffk:ation EP-A-O 498,482. A preferred 

45 diagnostic agent is the x-ray ima^ng agent ethyl 3^&<liacetDarrudo-2.4,&4rikxlot)enzoate. 

As used herein, particle size refers to a mean partide size as measured by conventional particle size 
measuring technk)ues well known to those sWDed in the art, such as sedimentation fiekf ftow fractionation, 
photon correlation spectroscopy, or disk centrihigatioa By ''an effective average particle size of less tfian 
about 400 nm" it is meant that at teast 90% of the particles have a particle size of less than about 400 mh 

50 wfien measured t)y tfie above-noted technkiues. m preferred embodiments of the inventkm, tfie effective 
average particle size is less tfian about 300 nm, and more preferably less than about 250 nm. In some 
embodiments of the inventkm, an effective average particle size of less than atx>ut 200 nm has been 
achieved. With reference to the effective average partide size, it is prefenred that at least 95% and, more 
preferably, at least 99% of tfie particles have a partkie size less ttian tfie effective average, e.g. 400 nm. In 

55 particulariy prefenred emtxxliments, essentially all of tfie partkies liave a size less than 400 nm. In some 
embodiments, essentially ail of tfie particles have a size less than 250 nm. 

A method for tfie preparation of a nanopartide compositkm according to this invention includes the 
steps of introdudng a tfierapeutk: or diagnostic agent, a lk)ukJ medium, grinding media, and optk)nally, a 
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surface modiHer into a grinding vessel; grinding to reduce the particle size of tfie tfterapeutic or 
diagnostic agent to less than atXMit 400 nm; and separating the particles and optionally the liquid medium 
from the grinding vessel and grinding mecfia, for example, by suction, filtration or evaporation. If the surface 
modifier is not present during wet grincfing, it can be admixed with the particles thereafter. The liquid 
5 medium, most often water, can serve as the pharmaoeutically acceptak>ie carrier. The method preferably is 
canied out under aseptic conditions. Thereafter, the nanopartide composition preferably is subjected to a 
sterilization process. 

As noted elsewhere herein, sterile filtration will not provide adequate sterilization for nanoparticles. 
Therefore, other methods of sterilization are required. For example, steam or moist heat sterilization at 
10 temperatures of about 121 *C for a time period of about 15 minutes can be used. At altitudes near sea 
level, such conditions are attained by using steam at a pressure of atxMJt 100 kPa (about 15 psi) in excess 
of atmospheric pressure. 

Dry heat sterilization may also be performed, although the temperatures used for dry heat sterilization 
are typically 160*C for time periods of 1 to 2 hours. 
75 Sterilization takes place in the presence of nontontc ctoud point modifiers. Examples of suitable cloud 
point modifiers include polyethylene glycols, e.g. PEG 300, PEG 400, PEG-1000 and PEG 2000. available 
from J.T. Baker Chemical Co., propylene glycol, ethanol, hydroKypropyk:yclodextrin (HPCD) and/or glycerol 
whk^h minimize particle growth during steri liz at i oru A preferred doud point modifier is PEG 400. 

The doud point is tfie temperature at wtuch the surface modifier (surfactant) predpitates out of solution 
20 as descrit)ed atx>ve. By the phrase *doud point mocfifier" is meant a compound which influences the cloud 
point of surface modifiers. In partk:ular, the doud point modifiers useful in the present invention raise the 
doud point of the surface modifiers adsort)ed onto nanopartides. In this way, the surface modifiers do not 
dissodate from the surface of the n an opa r ticles at temperatures used in autodaving. Therefore, nanopar- 
ticles thus modified do not aggkmterate during tfie sterilization process, and thus retain their effective 
25 average particle sizes of less than atxxit 400 nm after sterilization. 

The non-ionic doud point modifier can be present in an amount of 0.01-50%, preferably 0.05-30%, 
more preferably 0.1-20% by wetgfit t>ased on tfie total weight of the nanopartide suspension. 

This invention further dtsdoses a method of making nanoparticles having a surface modifier adsoribed 
on the surface and a non-ionic doud pdnt modifier associated therewith. 
30 This method involves the preparation of tfierapeutic or diagnostic nanoparticles, as discussed elsewhere 
herein, and contacting those nanopartides with a doud point modifier. Contacting may be by admixing a 
suspension of nanopartides with a solution of doud pdnt modifier, foltowed by sterilization at a temperature 
and for a time suffident to effect sterilization of tfie nanopartide suspension. 

The invention will now be illustrated with reference to the following examples but is in no way to k>e 
35 construed as limited tfiereto. 

Example 1 . 

Nanoparticles comprising 20% of tfie etfiyl ester of diatrizdc acid and the surface modifier Tetronic 908 
40 (T908) were autodaved at 120* C. iSamples of the autodaved nanoparticles were removed at various times 
after autodaving, and the average partide size (Z average) was determined for each time point 

TTie data are presented in Rgure 1. As the data incBcate, autodaving for 5 minutes at 120*C results in 
an average partide size of atxMit 500 nm. By 20 minutes, the average particle size is in excess of 700 nm. 

45 ExaiTiple 2. Determination of the effect of several additives on the doud point of T-908. 

In tfiis ^cperiment the doud point of a 1% solution of the surface modifier T-908 was measured in the 
presence of various molar concentrations of PEG-400p glycerol, etfianol, HPCD. propylene glycol and NaCt. 
Ttie doud point measurements are shown m Table 1. 

50 



55 



5 



EP0601 619 A2 



TABLE 1 



[PEG-400] % w/v 


Ootid Pt *C 


[NaQ] % w/v 


Cloud Pt •C 


[Glycerol] % w/v 


OoudR •C 


0 


106 


0 


106 


0 


106 


0.1 


107 


0.1 


103 


0.1 


106 


1 


HQ 


0^ 


96 


0.3 


-4 AC 

106 


2 


113 


0.5 


82 


0.4 


105 


4 


116 


0.8 


87 


0.6 


105 


6 


118 


1 


83 


0.8 


105 


8 


122 






1 


107 


10 


125 






1.5 


107 










2 


107 










2.5 


107 










3 


108 


[Bhanol] % w/v 


CknidR *C 


[HPCD] % w/v 


Ootid Pt *C 


[Propylene [Glycol] % w/v 


OoudR -C 


5 


118 


0.1 


107 


0.3 


107 


10 


126 


1 


109 


5 


116 



20 

The results In Tat>le 1 shorn that PEGr400 ethanol and propylene glycol can raise the cloud point of T- 
908, glycerol and HPCD ttave only moderalB eHect and NaO lowers the doud point of T-908 significantly. 

Example 3 . Effect of PEG-400 on the size growth of ethyl 3.5KfiacetDamtdc>'2,4,6-triiodot)enzoate . nanopar- 
ticles on heating. 

In this example, two samples of 20% ethyl 3,5-diac6toamido-2,4,6-trilodot)enzoate nanoparticles con- 
taining 2% T-908 were prepared. One sample consisted of 10% (w/v) ethyl 3»5-diacetoamido-2,4,6- 
triiodobenzoate nanoparticles in water, and the other sample control consisted of 10% (w/v) ethyl 3,5- 
diacetoamido-2,4.6'tritodot)enzoate nanoparticles in 5% PEG-400. The two samples were heated from 104* 
to 126*C with 2*0 interval with a 5 mtntite dwell time at each temperature. Samples were withdrawn from 
the samples with a syringe and needle and used for particle size analysis. The data from these studies is 
presented in Table 2. 

^ TABLE 2 



40 



Temp. 


Av. Particle Size (nm) 


Pdlydispersity 


Control 


5%PEG^ 


Control 


5% PEG-400 


104 


189 


184 


0.13 


0.112 


106 


192 


195 


0.175 


0.151 


108 


205 


192 


0.083 


0.176 


110 




194 




0.159 


112 


220 


206 


0.168 


0.111 


114 


259 


218 


OJ0S9 


0.131 


116 


285 


227 


0.155 


0.089 


118 


320 


235 


0.213 


0.067 


120 


443 


257 


0.267 


0.15 


122 


400 


288 


0.263 


0.1 


124 


427 


308 


0.242 


0.183 


126 


504 


342 


0^ 


0.198 



The data presented m TaUe 2 show that tfie average partide size does not increase in the presence of 
5% PEG-400 nearly as mtich as the control sample prepared in water. 
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Exampte 4 . Effect of PEG-400 on ethyl 3>SKfiacetoainklO'2,4,&^iodobenzoate particle size upon auto- 
daving at 121 *C for 20 minutes 

Samples of 10% (w/v) ethyl %5<liacetoarntci(>-2.4»6-triiodobenzoate nanoparticles were prepared from 
5 stock 20% suspension. These samples contain concentrations of PEG-400 ranging from 0 to 10% (w/v %). 
Ihese samples were then autodaved at 121* C for 20 min. The particle sizes of each sample were 
measured txrth before and after autodaving. The data from these experiments is shown in Table 3. 

TABLE3 

to 



[PEG-400) w/V% 


Av.Particie Size (nm) 


After Autodaving 


Before Autodaving 


0 


1284 


178 


^5 


1063 


182 


5 


541 


182 


7S 


412 


184 


10 


325 


183 



20 

The data shown in Tat>le 3 show ttiat increasing the concentration of PEG^400 can reduce the partide 
size growth of nanopartides caused by autodaving at 121 *C for 20 minutes. 

Example 5 . Effed of PEG molecular weight on the doud point of T-90a 

25 

In this experiment, tfie doud point of a 1% solution of the surface modifier T-908 was measured in the 
presence of various types and concentrations of PEG. The doud point measurements are shown in Table 4. 

TABLE 4 

30 



[PEG-1000] % 


CIdR -C 


[PK-8000]% 


CWR 


[PEG-3350] % W/V 


CWR -C 


w/v 




w/v 








2 


123 


2 


116 


7.5 


124 


5 


124 


5 


119 







The data shown in Table 4 indicate that PEG-1000 

is more effective than PEG-8000 and PEG-3350 at raising the doud point of T-908. 

Tlie effect of the concentration of PEG-IOOO on the partide size growth of ethyl 3.5-diacetoamido-2.4,6- 
triiodobenzoate nanoparticles containing 1% T-008 was examined by measuring average partide size after 
autodaving at 121 * C for 20 minutes. The data is presented in Table 5. 

TABLE 5 



[PEG-1000) % w/v 


Average Partkde Size (nm) 


2 


428 


5 


274 


7 


235 


10 


233 



The data shown in Table 5 show that increasing the concentration of PEG-1000 can reduce the partide 
size growth of nanopartides caused by autodaving at 121 *C for 20 minutes. 

55 
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Claims 

I. A composition comprising nanoparticles having a surface modifier adsorbed on the surface thereof and 
a non-tonic cloud point modrfter associated therewith, which cloud point modifier is present in an 

5 amount sufficient to increase the doud point of the surface modifier. 

Z A composition as claimed in claim 1 wherein said nanoparticles contain a diagnostic or therapeutic 
agent. 

}o 3. A composition as claimed in daim 2 wherein said diagnostic agent is ethyl 3,5-diacetoamido-2,4,&- 
trliodot)enzoate. 

4. A composition as claimed in daim 1 wherein said surface mocKfier is a nonionic surfactant. 

75 5. A composition as claimed in daim 4 wherein said nortionic surfactant is a poloxamine. 

& A composition as dainned in daim 1 wherein said doud point modifier is selected from the group 
consisting of polyethylene glycol, propylene giycd, ethanol, hydroxypropylcydodextrin and glycerol. 

20 7. A composition as claimed in any one of daims 2 to 6 wherein said surface modifier is a poloxamine. 
said doud point modifier Is polyethylene glycol, and said diagnostic agent is ethyl 3.5-diacetoamido- 
2,4,6-trilodot)enzoale. 

& A composition as claimed in daim 1 wherein said doud point modifier increases the doud point of said 
25 surface modifier above the sterilization terrtperature of the nanopartides. 

9. A method for of making nanopartides having a surface modifier adsorbed on ttie surface and a non- 
Ionic cloud point modifier assoctated therewith, comprising contecting said nanopartides \¥ith the doud 
point modifier for a time and under conditions sufficient to increase the cloud point of the surface 

30 modifier. 

10. A method as claimed in daim 9 further comprising the step of sterilizing said nanoparticle. 

II. A method as claimed in daim 10 wherein said sterilizing is by steam heat autoclaving. 

35 
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